Hyperglycemia reduces nitric oxide synthase and glycogen synthase activity in endothelial cells.
Hyperglycemia is considered a primary cause of diabetic vascular complications. A hallmark of vascular disease is endothelial cell dysfunction characterized by diminished nitric-oxide (NO)-dependent phenomena such as vasodilation, angiogenesis, and vascular maintenance. This study was designed to investigate the effects of a high level of D-glucose on endothelial NO response, oxidative stress, and glucose metabolism. Bovine aortic endothelial cells (BAECs) were pretreated with a high concentration of glucose (HG) (22 mmol/L) for at least 2 weeks and compared with control cells exposed to 5 mmol/L glucose (NG). The effect of chronic hyperglycemia on endothelial NO-synthase (eNOS) activity and expression, glycogen synthase (GS) activity, extracellular-signal-regulated kinase (ERK 1,2), p38, Akt expression, and Cu/Zn superoxide-dismutse (SOD-1) activity and expression were determined. Western blot analysis showed that eNOS protein expression decreased in HG cells and was accompanied by diminished eNOS activity. The activity of GS was also significantly lower in the HG cells than in NG cells, 25.0+/-17.4 and 89+/-22.5 nmol UDP-glucose.mg protein(-1)x min(-1), respectively. Western blot analysis revealed a 40-60% decrease in ERK 1,2 and p38 protein levels, small modification of phosphorylated Akt expression, and a 30% increase in SOD-1 protein expression in HG cells. Although SOD expression was increased, no change was observed in SOD activity. These results support the findings that vascular dysfunction due to exposure to pathologically high D-glucose concentrations may be caused by impairment of the NO pathway and increased oxidative stress accompanied by altered glucose metabolism.